(WPPSI) were administered to 152 of the index cohort and 144 control children of the same age in the same class at school. Twelve of the cohort had cerebral palsy, but eight of these were in mainstream schools. The index group scored significantly higher on both the TOMI and the WPPSI subscale compared with the controls. The index cases were subdivided on the basis of their neonatal ultrasound scans into four groups: group 1, consistently normal; group 2, 'prolonged flare'; group 3, germinal matrix haemorrhageintraventricular haemorrhage (GMH-IVH), without parenchymal haemorrhage, but no evidence of prolonged flare; and group 4, both GMH-IVH and prolonged flare. The group of index children with consistently normal ultrasound scans had a higher TOMI and lower WPPSI compared with their controls. There was a statistically significant increase in the TOMI subscore 1 (manual dexterity) in group 4 infants compared with group 1, but not differences between the other groups. Regression analysis suggests that neither prolonged flare nor GMH-IVH has an important individual contribution to the variation, but the low birth weight does have a significant relationship with motor impairment. It appears that relatively minor ultrasound appearances such as prolonged flare and GMH-IVH are associated with motor impairment (clumsiness) at 5 years, but this has a small effect compared with low birth weight.
Cerebral palsy is the commonest serious neurological deficit occurring in Surviving children were examined by one neurodevelopmental paediatrician at 18 months (M Graham).1 The present study attempted to examine all these children again at 5 years of age in their first term in full time school. The head teacher of the school was contacted and asked for permission to assess the child in school. He or she was also asked to identify from the same class a control child of the same sex and ethnic background nearest in birth date to the index child. Written permission to assess the child was obtained from the parent(s). The head teacher was asked to tell the class teacher that these two children were to be assessed, but not the reason for the assessment, nor which child was the index case.
The two children were assessed separately but in the same session by one researcher (SD). The examination comprised: the test of motor impairment (TOMI), the vocabulary scale of the Wechsler preschool and primary scale of intelligence (WPPSI) and a number of measures of basic literacy, language, representational and mathematical concepts and skills most of which were used and reported by Tizard et al. 8 Teachers were also asked to complete a checklist of behavioural statements. 9 It was not possible to undertake complete neurological examinations on all the index and control children. The following children were examined by the same neurodevelopmental paediatrician who saw them at 18 months (M Graham): all children thought to be neurologically abnormal when seen at 18 months, including those who showed dystonia; all children with the ultrasound appearances of cystic PVL or prolonged flare in the neonatal period; and all children who had a high TOMI score above 10, suggesting the possibility of definite neurological abnormality.
The TOMI originally described by Stott et al and revised by Hendersonl' tests the child's level of skill in various motor functions. The test is arranged in four age bands, and the 5-6 year band was used in this study. The test has been recently standardised on a large number of British and North American children. The test involves eight items and for each item the child receives a score between 0 and 2: 0 denotes acceptable performance, 1 indicates borderline pass, and 2 indicates fail of that item. Thus the higher the score the less competent the child. The test includes three groups of items: manual dexterity, ball skills, and both static and dynamic balance. The maximum score for these three subscales were 6, 4, and 6 respectively. The TOMI normally took 20 minutes to administer, but could take up to 75 minutes if the child had particular difficulties. All but one of the TOMI assessments were done by the same observer. The entire assessment took an average of 75 minutes for each child.
For the purposes of this report only the TOMI and WPPSI variables are reported. Statistical analysis was done using the Wilcoxon or Mann-Whitney test on non-parametric data and by t test for parametric (WPSSI) data. Regression analysis was performed using the square root of the total TOMI score in order to produce a regression equation with normal residuals.
Results
Of the original cohort of 200 infants, 157 were alive at 18 months and all but one (lost to follow up) had a complete neurodevelopmental assessment at that time. One further child died at three years (he had spastic hemiplegia) and all the 155 children alive at 5 years were traced. Three of these were not, however, fully assessed at 5 years. The parents of one refused to allow her to be seen, another lived in Cyprus and we could not organise assessment, and the third was in a vegetative state with spastic quadriplegia and profound intellectual impairment and could not be assessed with the TOMI; she was, however, examined by a developmental paediatrician (M Graham). Thus, 152 of the index children (97% of those seen at 18 months) had a full range of tests at 5 years. In some cases there were problems in identifying control children, for example they may have been absent from school when the visit was arranged, and only 144 controls were fully assessed.
Fifty of the 153 children had a neurological examination by a developmental paediatrician (M Graham) . The indications for examination in this group were findings of either cerebral palsy (n= 11) or dystonia (n=6) at 18 months, a neonatal ultrasound diagnosis of prolonged flare (n=20), and cystic PVL in children who showed no neurological abnormality at 18 months (n= 5). In addition, eight other children were examined because they had a TOMI score over 10. In all, 12 of the index children had cerebral palsy (see table 1 ) and eight of these were in mainstream schools and four in special schools. Of the 12 children with cerebral palsy at 18 months, one had died, and one other no longer had signs of cerebral palsy at 5 years. The signs were largely unchanged in the other 10. Two children with cerebral palsy at 5 years (No 26 and 179) did not show signs of it at 18 months. Neither of these had ultrasound abnormalities involving the cerebral parenchyma and both were reviewed because of a TOMI score above 10.
The results of the TOMI assessments and the three subscores for all index and control children are shown in table 2. The median TOMI in the index group of VLBW infant survivors was 3 25 (range 0-16) and the median figure for the controls was 1-00 (range 0-8). The statistical comparison was made only between each index child and his/her control and 144 pairs were analysed. There was a highly statistically significant difference between the total TOMI score and each of the subscores (p<0-001). The mean (SD) WPPSI vocabulary scale for the index group was 19 1 (6-41) and for the controls was 21 6 (6-46). These differences were statistically significant (p=00007).
The index children were subdivided into four groups. Group 1 had consistently normal ultrasound scans (n=64), group 2 had prolonged flare as the only ultrasound abnormality (n= 13), group 3 had GMH-IVH as the only ultrasound abnormality and no parenchymal involvement (n= 54), and group 4 infants had both prolonged flare and GMH-IVH without parenchymal involvement (n=9). Children whose ultrasound scans had shown parenchymal haemorrhage or cystic PVL were excluded from this part of the Impaired motorfunction (clumsiness) in 5 year old children: correlation with neonatal ultrasound scans analysis. Table 3 shows the overall TOMI and the subscores for each of these four groups.
There was one child each in group 1 and 2 who had cerebral palsy. Two children in group 3 had cerebral palsy and none in group 4. When the overall TOMI results were considered in the four groups there were no significant abnormalities. The children in group 4 had significantly higher scores for manual dexterity (subscale 1) than for those in group 1 with normal scans (p=0033, see table 3 ). The WPPSI vocabulary scales showed no statistical diffferences when these groups were compared (group 1 v group 2, p=0-27; group 1 v group 3, p=0 88). When children in group 1 (consistently normal ultra- The p values refer to two sample non-parametric Mann-Whitney tests and two sample Student's t test for the WPPSI data.
sound scans) were compared with their controls and for the total TOMI score there was a estimated difference (case minus control) of 1-5 (p<0001 non-parametric Wilcoxon signed rank test); and when compared for the WPPSI (vocabulary scale) an estimated difference (case minus control) of -3-0 (p=0-015). Regression analysis was initially undertaken using GMH-IVH and prolonged flare as independent variables against the square root of total TOMI score as the dependent variable. This gave a t ratio for the coefficient of prolonged flare of 1-82 (p=007) and for GMH-IVH of 1-14 (p>0 1). When birth weight was added to the model as a third independent variable, the t ratio for prolonged flare fell to 1-68 (p=0-1) and the estimate of the coefficient of birth weight was negative with a value of -1-04 (SE 0-36, t ratio -2x89, p=0 005). Birth weight accounted for the greatest proportion of the variation explained by the regression equation.
Discussion
It is well known that cerebral palsy is approximately 200 times more likely to occur in children who have been born very prematurely than in a group of babies born at full term. It has also been reported that children who have been born very prematurely and who show no 'hard' neurological deficits, may perform less than optimally when they start school due to a number of factors. These include behavioural problems,11 attention deficit disorders,'2 and a group of non-specific problems referred to as 'soft neurological signs'"3 or 'minimal brain dysfunction'. 14 We have shown that there are important differences in both motor function and measures of verbal intelligence between children who were of very low birth weight and controls when assessed at 5 years. These findings are in keeping with those of Marlow et al who assessed 53 children at 6 years who weighed less than 1251 g at birth.'5 They also used the TOMI to detect significant motor difficulties. The TOMI is now a well accepted objective diagnostic test for clumsiness. We may be criticised for only using the vocabulary subscale of the WPPSI test, but we were concerned that a fuller assessment of intelligence, together with all the other components of our assessment would fatigue the children. We chose a subscale of intelligence that was not motor dependent. Astbury et al have shown that in a group of VLBW survivors assessed at 5 years the verbal subscore of the WPPSI correlated very well with the mean performance score and the full scale score. '2 This study has correlated relatively subtle ultrasound abnormalities with motor impairment at 5 years. We have shown a statistically significant relationship between the scan appearances of both GMH-IVH with prolonged flare and subsequent impairment of manual dexterity. There is some correlation between the appearance of non-cavitating echodensity (defined by various authors in different ways47) and necropsy specimens, suggesting that this appearance is 70-81% accurate for PVL.6 16 It is now well accepted that cavitating abnormalities within the cerebral parenchyma recognised with ultrasound imaging correlate with the development of cerebral palsy,1-3 but there are no data on the more subtle ultrasound abnormalities and less severe forms of central motor impairment. We have previously shown that cystic PVL diagnosed by ultrasound strongly correlated with the subsequent development of cerebral palsy,' but this most recent report adds little weight to the hypothesis we had previously suggested that prolonged flare represented a less severe form of injury to the periventricular white matter. It will be necessary to follow up much larger groups of premature infants with the appearances of prolonged flare to know whether this feature is actually a marker of subsequent development of clumsiness. We only compared children with no evidence of major parenchymal abnormality to avoid the possibility that these lesions are likely to have a very large effect on the overall TOMI score, thus swamping more subtle effects of 'minor' ultrasound scan abnormalities.
It is unfortunate that not all the VLBW infants had a neurological assessment at 5 years, but this was not logistically possible given the budget of this project. In all, one third of the index children were examined. It is of interest that one child found to have cerebral palsy at 18 months neither showed abnormal neurological signs at 5 years, nor did she have a high TOMI score. Two children who were thought to be normal at 18 months were found to have cerebral palsy on neurological assessment. Both these were undiagnosed by their medical attendants and were picked up by a very high TOMI score.
One of the most interesting findings in this study, and one that has not been reported before, is that those children who had been born of VLBW and who had consistently normal ultrasound scans had significantly higher TOMI and lower WPPSI (vocabulary) scores compared with controls. It is possible that ultrasound invisible haemorrhagic or ischaemic lesions were present but were not severe enough to account for these deficits. We believe that this is somewhat less likely than an alternative hypothesis that there was neuronal loss as the result of other factors such as undernutrition,'7 subclinical hypoglycaemia,'8 or lack of early learning opportunities. These variables deserve further investigation.
Wariyar et al have criticised follow up studies that have failed to study all children in a cohort and they showed that those children who were most difficult to find were the ones who were most likely to have significant disability.'9 We identified 99-5% of all the children known to be alive at 18 months of age and examined all but two of these. It is unlikely that results from the two missing children would significantly alter our conclusions.
In summary, we report the association between the ultrasound appearance of GMH-IVH and prolonged flare on the one hand and motor impairment or clumsiness on the other. This association is very dependent on low birth weight; it appears that the risk of motor impairment is most closely related to increasingly low birth weight. The motor impairment may cause significant difficulties at school and may be a feature of later learning problems.20
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